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Behaviour is called discrete if the state change is by the execution of an event (action),
which is usually thought to be instantaneous. A digital system can often be sufficiently
described and analysed by studying its discrete behaviour, and over the years, computer
science has developed many formalisms, techniques and methods for the specification and
analysis of discrete behaviour. In continuous behaviour, state change is continuous over time.
The behaviour of entities in nature is usually considered to be continuous, so continuous
behaviour is central in most of the natural sciences and engineering. Continuous behaviour
is usually described by systems of differential equations, and dynamics and control theory
has developed many formalisms, techniques and methods to describe and analyse such
systems.
One speaks of a hybrid system if both its discrete and its continuous behaviour mat-
ter. In particular, in the design and analysis of embedded systems, hybrid systems occur.
An embedded system has a digital core, consisting of hardware and software, that con-
trols the embedding system, consisting of mechanical and other parts. In the analysis of
hybrid systems, the worlds of computer science and of dynamics and control theory come
together.
Over the last years, many attempts have been made in the computer science world to
extend existing formalisms in order to include continuous behaviour. This special issue
considers the state of affairs in hybrid systems research, from the point of view of computer
science. Of course, also from the other side, from dynamics and control theory, there have
been attempts to include discontinuities and instantaneous state changes, but we do not
consider these developments here.
The first attempt to describe hybrid systems using computer science techniques was
the formulation of hybrid automata [1]. Classical automata are extended with continu-
ous behaviour, happening within states, and discrete behaviour is modeled by transitions
between states. Many applications of hybrid automata exist, and dedicated techniques and
tooling have been developed. Also, there was the emergence of hybrid I/O automata [5],
hybrid Petri nets [4], hybrid process algebra [6,2,3].
In response to a call for papers, excellent submissions were received, and a difficult
selection process yielded the four papers presented in this special issue.
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The first paper, by Bergstra and Middelburg, relates hybrid process algebra to hybrid
automata. A careful analysis is made of the translation functions, and as a result, advanta-
ges of both approaches can be combined, the visual presentation of hybrid automata with
dedicated tooling such as model checking, with the high-level description and equational
reasoning of hybrid process algebra.
The second paper, by Van den Brand, Reniers and Cuijpers, stays within the realm of
hybrid process algebra. Eliminating parallel compositions is usually a crucial step in the
analysis of systems described as a parallel composition of separately specified parallel
components; the procedure is generally known as linearization. The paper presents and
establishes the correctness of a linearization algorithm for a class of processes that can be
modeled in hybrid process algebra.
The third paper, by Alur, Grosu, Lee and Sokolsky, describes the hybrid language Charon,
and focuses on hierarchical descriptions. This is important in order to be able to consider
hybrid systems at different levels of abstraction.
Finally, the last paper, by Van Beek, Man, Reniers, Rooda and Schiffelers, considers the
hybrid specification language χ . This language was developed in an industrial context, in
order to describe manufacturing systems and production lines, and geared towards use by
engineers. A formal semantics is developed in a very detailed manner. This allows to use,
besides simulation, also verification and testing techniques from computer science.
The editors thank all those who submitted articles, thank all anonymous referees, who
did a very careful job, and thank Inge Bethke for her help in the editing process.
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